in origin authentication and QC of traditional Chinese medicines. The metabolite 22 profiles reveal chemical compositions of the herbal medicines and contribute to 23 elucidate the pharmacodynamic substance. Various techniques such as 24 photocolorimetry, spectrophotometry, HPLC, GC-MS,and LC-MS have been applied 25 to analyze chemical constituents of herbal medicines [12] [13] [14] . With recent 26 advancements, UHPLC-ESI-QTOF-MS is considered as a powerful and reliable tool 27 to identify compounds [15] [16] [17] . It can provide accurate ion mass values and molecular 28 formulas to elucidate the compound structures [18, 19] . Recently, a novel elevated 29 energy mass spectrometry (MS E ) technique has been utilized to obtain the parent and 30 fragment ion information in a single run by simultaneously acquiring the accurate mass 31 values at high and low collision energies [20, 21] . Combined with MS E , UHPLC-ESI-32 QTOF-MS can rapidly provide outstanding chromatographic separation, accurate MS Journal of Separation Science
5/ 26
1 and MS/MS data, and greatly increases the efficiency for compound identification in 2 herbal medicines [22] [23] [24] . 3 In the present work, a metabolite profiling was established by UHPLC-ESI- 4 QTOF-MS coupled with MS E technique to clarify the chemical composition 5 Plantaginis Semen from species of PAL, PDW, and PML. Compounds were identified 6 using accurate masses of pseudo-molecular and fragment ions and chromatographic 7 behavior data. Differences of chemical components among the three species were also 8 analyzed, which could be the guidance for medical applications of Plantaginis Semen. 9 2 Materials and methods 10 
Reagents and chemicals
11 HPLC-grade acetonitrile, methanol, and formic acid were purchased from Fisher 12 Scientific (Santa Clara, USA). Ultrapure water was prepared using a Millipore Alpha-13 Q water system (Millipore, USA). All other reagents and solvents were of analytical or 14 HPLC grade. Aucubin, geniposidic acid, plantamajoside, rhoifolin, luteolin, and 15 isoquercitrin-7-O-gentiobioside were obtained Shanghai R&D Center for 16 Standardization of Chinese Medicines (Shanghai, China). Acteoside, isorhamnetin-3- 17 O-glucoside, caffeic acid, eriodictyol,kaempferol, and isorhamnetin were purchased 18 from Meilun Biotech (Dalian, China). Linolenic acid, linolic acid, palmitic acid, and 19 oleic acid were procured from Sigma-Aldrich (St. Louis, USA). Isoacteoside, 2-20 hydroxyacteoside, plantagoguanidinic acid, and plumbagine D were isolated 21 from PAL in our laboratory. The structure was confirmed through MS, 13C NMR, 22 and 1H NMR methods, and purity was over 95% after determined by HPLC-UV. 23 24 A total of 18 batches of Plantaginis Semen were acquired from different provinces in 25 China (Table S1 ). All of the voucher specimens were authenticated 26 as PAL, PDW, or PML by Professor Li-hong Wu (Shanghai R&D Center for 27 Standardization of Chinese Medicines). 28 29 All of the samples were pulverized into fine powder. Three hundred mg of powder 30 samples were accurately weighed, dispersed in 20 mL of 60% v/v methanol/water 31 solution, and ultrasonically extracted in a water bath for 30 min at room temperature.
Plant materials

Sample preparation
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1 The mixtures were then centrifuged at 6000 × g for 10 min and the supernatants were 2 filtered through a 0.22 µm filter membrane for analysis. 3 4 Chromatographic separations were performed on an Acquity UPLC system (Waters, 5 USA) equipped with a binary solvent delivery system and an autosampler. The extracts 6 were separated using an Acquity UPLC BEH C 18 RP column (1.7 µm, 100 mm × 2.1 7 mm i.d.; Waters, USA) in which the column temperature was maintained at 45°C to 8 5 Ultrasonication was selected for the extraction for its time-saving, convenient, and 6 reproducible. Methanol/water ratio was optimized to 60% v/v to achieve the maximum 7 extraction efficiency of compounds with different polarities. In UHPLC-ESI-QTOF- 8 MS analysis, gradient elution, flow rate, and column temperature were evaluated for an 9 optimized chromatographic condition. For a comprehensive analyses of the metabolite 10 compositions of the extracts, positive and negative ionization ESI modes were used to 11 verify the molecular formula of online MW assignments of the unknown substances. 12 
Chromatographic conditions
Identification strategy
13 A total of 108 compounds belonging to phenylethanoid glycosides (PhGs), guanidine 14 derivatives, flavonoids, terpenoids, organic acids, fatty acids (FAs) were identified 15 (Table S2) . Chromatograms of three different species of Plantaginis Semen in negative 16 ion mode are shown in Fig. 1 A total of 23 flavonoids, including ten flavonols, four flavones, two flavanonols, 28 six flavanones, and one aurone, were identified in this study ( (Fig. 4) . These fragmentation pattern can be applied to characterize the remaining 8 [6, 9] . In our study, acteoside displayed similar levels in PAL and PDW 29 (Table 1) , while the amount of geniposidic acid in PAL is higher than in PDW (Table   30 4 Different flavonoid levels were also found in PAL, PDW and PML (Table 2) . In 5 General, PML contains the greatest amount of flavonoids followed by PDW and PAL. 6 Meanwhile, PML had more widely spread of flavonoids. Therefore the seeds of PML 7 probably have advantages in anti-oxidative, anti-inflammatory and anti-bacterial 8 effects [35] [36] [37] [38] . In addition, the three species of Plantaginis Semen could be 9 differentiated by several flavonoids. Plantagoside, isoquercitrin, and 10 pentahydroxyflavanoneare were much higher in PML than in PAL and PDW.
11 Ampelopsin glucoside and its isomer showed high concentrations in PDW while could 12 not be determined in PML.
13
Guanidine derivatives are a group of novel alkaloids which have potential 14 hypoglycemic effect [42] . The three species of Plantaginis Semen showed similar 15 contents of Plantagoguanidinic acid and Plumbagine D, while PAL and PML displayed 16 higher amounts of total guanidine derivatives ( Table 3 ). In that case, PAL and PML 17 could be used as the resources for guanidine separation, which is greatly helpful for the 18 development of new glucose-lowering drugs. 19 Furthermore, PAL contained higher amounts of FAs than PDW and PML. Previous 20 reports showedthat FAs display antioxidation, immunoregulation, vascular-protection, 21 and cholesterol-reducing effects [50] . For that reason, the seeds of PAL might be the 22 first choice to treat metabolic diseases. 23 
Conclusions
24 In the present study, the metabolite profiling based on UHPLC-ESI-QTOF-MS 25 combined with MS E technique was applied to evaluate the chemical variation of three 26 species of Plantaginis Semen, PAL, PDW, and PML. In this experiment, MS E technique 27 provided accurate mass values of precursor and fragment ions in a single injection. 28 Positive and negative ionization modes were applied, and the chemical formula was 
